Balloon septostomy is quick, it causes little disturbance, and usually gives satisfactory immediate results. When successful there is an obvious improvement in the child's colour, a rise in oxygen saturation in right atrial blood, abolition of pressure gradient between the two atria, and a hole large enough to pass the inflated balloon in either direction without difficulty. But initial improvement is not always maintained, and a review of patients followed up for I to 4 years or more shows the hazards to which these children are exposed especially in the interval between septostomy and Mustard's operation.
Though the outlook for children with transposition of the great arteries has been transformed by modern methods of treatment, the initial improvement after balloon septostomy may raise false hopes. A relatively longfollow-up of thefirst 65 consecutive cases treated between November 1966 and December I969 shows the serious risks to which these infants are exposed: 32 children have died, 5 during or immediately after septostomy; I8 needed further septostomies and 12 of these have died. The influence of coexistent heart lesions has been analysed and the effect on pulmonary vascular resistance assessed, demonstrating that a ventricular septal defect or a persistent ductus arteriosus does not always need surgical treatment to prevent pulmonary hypertension. Intravascular thrombosis was a major problem causing serious damage to brain, kidneys, and intestine, and 9 deaths. Mustard's operation produced immediate improvement but the long-term prognosis has still to be assessed.
Balloon atrial septostomy (Rashkind and Miller, I966) and subsequent surgical correction (Mustard, I964) have revolutionized the management of infants with transposition of the great arteries. In this paper we review the first 65 infants with transposition to be treated by balloon septostomy at Birmingham Children's Hospital. The babies were admitted between November I966 and December I969; cases of tricuspid atresia have been excluded.
Balloon septostomy is quick, it causes little disturbance, and usually gives satisfactory immediate results. When successful there is an obvious improvement in the child's colour, a rise in oxygen saturation in right atrial blood, abolition of pressure gradient between the two atria, and a hole large enough to pass the inflated balloon in either direction without difficulty. But initial improvement is not always maintained, and a review of patients followed up for I to 4 years or more shows the hazards to which these children are exposed especially in the interval between septostomy and Mustard's operation.
Results
Repeat septostomy A second septostomy (Table i) infants treated twice by balloon required a third (surgical) septostomy and this has led to the conclusion that the Blalock-Hanlon (I950) procedure should be used when a second septostomy is necessary. In some cases the surgeons found a tough septum and little evidence of a previous tear, suggesting that the balloon had merely stretched the foramen ovale, though with considerable improvement perhaps for several weeks. There is no evidence that this was anything to do with age; it happened as often in newborn babies as in older children.
Deaths Of the 65 infants, 32 have died (Table 2 ). Of 5 'immediate' deaths, 4 oc- An operation is usually advised to prevent pulmonary hypertensive changes when a ventricular septal defect or persistent ductus arteriosus complicates transposition of the great arteries (Shaher and Kidd, I968; Stark et al., 1970) . Table 3 summarizes what happened to the ventricular septal defect in the I9 cases diagnosed at initial angiocardiography and re-examined at necropsy or at cardiac catheterization before operation. Of these I9 children, i i also had a persistent ductus arteriosus; 4 had a ductus alone. A high proportion closed spontaneously and these had a normal pulmonary vascular structure when IS (12) examined at necropsy. Some died before operation could be contemplated. We were certainly guilty of failing to recognize pulmonary stenosis in 2 cases (which were treated surgically elsewhere) and pulmonary hypertension in one case. Two children had pulmonary artery banding in other hospitals.
Other heart defects found in this group of 65 children include pulmonary stenosis (4), double outlet right ventricle (i), hypoplastic left heart syndrome (3), and dextrocardia (i). Some children had more than one abnormality. When encountered, this condition too was remarkable for the leisurely march of symptoms. A fickle appetite, colic, and grumbling diarrhoea with blood in the stools were followed by infrequent and then by more persistent vomiting. The abdomen became distended and bowel sounds almost -but never quite -ceased. Radiography showed fluid levels in the small bowel but gas in the colon (Fig. i) . Indeed the most characteristic feature was the lack of conclusive evidence of complete obstruction. Laparotomy was carried out twice but only after prolonged debate, and even at operation the findings were inconclusive. The gut was distended and congested but not necrotic and in neither child was bowel resected. In both, however, deterioration and death followed within a few days and thrombosis of the superior mesenteric artery was clearly seen in the case which came to necropsy.
The diagnosis was suspected but not proved in 5 other children. The typically slow onset with colic and blood in the stools was followed by vomiting and a distended almost silent abdomen. Four of the group died but permission for necropsy was refused. The fifth child recovered. Each of the 5 had had cerebral vascular accidents, one developed signs of inferior vena cava thrombosis shortly before dying, and one had had obvious haematuria. There is therefore no doubt about their liability to thrombosis. Intravascular clotting was usually preceded by a story suggestive of slowly progressive vascular obstruction. However, we failed to prevent complete occlusion by giving heparin, phenindione, or warfarin during the premonitory period which sometimes lasted a week. Using a cardiac catheter or performing a surgical operation has precipitated thrombosis within a matter of hours (Fig. 2) . In fact clotting has followed directly after venesection and haemodilution undertaken because symptoms suggested that thrombosis was threatening. Somewhat surprisingly, thrombosis occurred almost as frequently when the packed cell volume was 50 per cent or less as when it was abnormally high.
From Fig. 2 it can be seen that a patient may have repeated thromboses, not always affecting the same organ, and that the interval between attacks can vary from a few days to 3 years. The longest interval was in the boy already mentioned, with the hydrocephalic syndrome. A temporary recurrence of symptoms -coma, air hunger, papilloedema, and periorbital oedema -followed an hour or so after cardiac catheterization done at the age of 31 years as a preliminary to corrective opera- (Ellison et al., I970; Scott, 1970) , and there can be no guarantee that the hole torn in the septum will be sufficiently large, as is the case when a surgeon is responsible.
It may be difficult to decide when to band the pulmonary artery of an infant with a complicating ventricular septal defect or to operate on a persistent ductus arteriosus. Our practice now is to undertake full catheter studies for babies who have continuing heart failure, and anyway at the age of 6 months, and to operate on those who have pulmonary hypertension. We have shown that both ventricular septal defect and persistent ductus arteriosus may close spontaneously and that, even when this does not happen, pulmonary hypertension is not an inevitable sequel.
Cyanotic congenital heart disease upsets the clotting mechanism (Ekert et al., I970; Komp and Sparrow, I970; Naiman, I970). Like Gross, Keefer, and Liebman (I968), we have found that older children are likely to bleed whereas those under the age of 3 have a tendency to clot. We have shown that thrombosis in transposition of the great arteries may occur with a packed cell volume of 50 per cent or less, and Gross and his colleagues also noted that cyanotic children might suffer from thrombosis before polycythaemia had time to develop.
Polycythaemia and increased viscosity go hand in hand (Kontras et al., I970) , and a severely cyanosed child responds to phlebotomy by becoming much brighter and more active. This led us to bleed our patients when the haematocrit reading was 6o per cent or more, but we have been increasingly disturbed by the association between phlebotomy and the onset of thrombosis. We noticed on a number of occasions that slowly progressive deterioration was followed immediately after catheterization or venesection by a sudden worsening of the child's condition, and that the thrombosis which appeared to be responsible was not necessarily limited to the intubated vein. A recent review of intra-venous catheterization in a neonatal unit (Wigger, Bransilver, and Blanc, I970) Venables (1970) describes his experiences with 26 infants in a little less than 3 years. At the end of this study, I7 children survived. Of 7 early deaths, one appeared due to inadequate mixing of blood through the atrial septal defect. Four atrial perforations were noted. One perforation was discovered at postmortem examination in a baby who was moribund from diffuse pulmonary haemorrhage when catheterization was begun. Two perforations occurred before the septostomy was actually attempted. Blalock-Hanlon procedures were performed in both children. One survived and the other died of complications related to the surgical procedures. A fourth perforation, of the left atrial appendage, was associated with manipulation of the balloon catheter in the left atrium after performance of septostomy. Cardiac arrest occurred but the infant was resuscitated. Thoracotomy was not required, and this infant is still alive. Four children of the ii followed for at least six months required a second septostomy. One child sustained a cerebral venous thrombosis.
